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QUICK BLOTS AND NONRADIOACTIVE DETECTION OF DNA
PROBES FOR THE IDENTIFICATION OF MOSQUITOES
DAVID W. JOHNSON,I ANDREW F. COCKBURN2 auo JACK A. SEAWRIGHT' 
ABSTRACT. The quick blot protocol is an improved technique for preparing crude insect homogenates
for hybridization to nucleic acid probes. Individual insects are ground in wells of a microtiter plate and
transferred to a dot blot manifold. This allows preparation of multiple fiIters and provides uniformity
and an orderly arrangement of samples. The high background detection resulting from use of crude
insect homogenates with nonradioactive detection systems was eliminated by incubating quick blot
filters in a laundry stain remover containing proteases. We used mosquito species-specific DNA probes
to demonstrate the effectiveness of nonradioactive DNA labeling systems with quick blots.
INTRODUCTION
DNA probes have great potential for the de-
tection of pathogens (Kirkpatrick et al. 1987)
and the identification of cryptic species of mos-
quitoes (Cockburn 1990, Collins et al. 1988). In
many ways DNA probes are well adapted to field
conditions, since they can be used with crude
samples, such as mosquitoes squashed on filter
paper (Cockburn 1990), and the state ofpreser-
vation is not critical. DNA probe detection is
roughly comparable to ELISA in difficulty, and
ELISA kits are becomingpopular for identifying
blood meals and detecting parasites. However,
DNA probes have not yet become a common
tool in applied entomology.
There are 2 major problems with existing
DNA probe techniques. First, only one (Kirk-
patrick et al. 1987) or two (Cockburn 1990) blots
can be made with any group of insects, making
it difficult to use multiple probes. For example,
with the Anophcles gambiae complex, one might
want to probe with 4 mosquito species-specific
probes and also probes for Plasmodiurn species.
This necessitates reprobing of filters, which
greatly increases the length of time required to
obtain complete results and can cause technical
difficulties (Hill et al. 1991). Second, radioactive
Iabeling has been used to detect the hybridized
DNA. This is a sensitive method for DNA de-
tection, but it requires a special laboratory for
handling the radioactive label and makes field
kits impossible.
Nonradioactive DNA labeling and detection
kits (similar to ELISA kits) are commercially
available, but nonspecific signals with crude in-
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sect homogenates make these kits of limited use
(Cooper et al. 1991, Hill et al. 1991). In this
report, we summarize our recent success in
adapting commercial nonradioactive techniques
to crushed mosquitoes.
MATERIALS AND METHODS
Species of mosquitoes: Specimens of the fol-
lowing mosquito species were used: Aed.es tae-
niorhynchus Wied., Anopheles albimanus Wied.,
Annph.eles quad.rirnaculafus species A (OR-
LANDO strain) and Cul.ex nigripalpus Theo-
bald.
Species-specific probe: Cockburn (1990) re-
ported the isolation of a bacteriophage clone,
Arp2, containing a species-specific repetitive se-
quence from An. quadrimaculatus sp. A. Clone
Arp2 hybridized intensely to squash blots of
species A individuals, less intensely to Anopheles
sp. B individuals, and not at all to Anopheles sp.
C or D individuals. We have subcloned portions
of the Arp2 insert to form the plasmid pKA2,
which provides specific detection of species A
equivalent to Arp2. On squash blots the radio-
actively labeled subclone does not hybridize sig-
nificantly to An. albirnanus, Cx. nigripalpus, or
Ae. tazniorhrynchus.
Quick blots: Mosquitoes (larvae, pupae or
adults) were placed individually into the wells
of a 96-well microtiter plate. Denaturing solu-
tion (0.5 M NaOH, 1.5 M NaCl) was then added.
For standard sized wells (10 mm deep, 13 mm
diam), a maximum of 200 pl per well of dena-
turing solution was used. The mosquitoes were
thoroughly ground with a Replaclone@ (96 prong
model, L.A.O. Enterprises, Gaithersburg, MD)'
for about 3 minutes. The plate was incubated
for 30 min at room temperature. and then neu-
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tralization solution (3 N sodium acetate, 2 N
acetic acid) was added (one-fourth the volume
of denaturing solution) and mixed thoroughly in
the sample wells using the Replaclone.
A dot blot manifold was used according to the
manufacturer's (Schleicher and Schuell, Keene,
NH) recommendations, except that the larger
chunks of tissue and cuticle were filtered
through a wet laboratory tissue that was placed
over the wet membrane filter (nitrocellulose or
nylon). A low level of vacuum was applied, and
samples from the microtiter plate were applied
to the dot blot manifold wells. After aspiration,
350 pl of 2x SSPE (1x SSPE: 0.18 M NaCl, 10
mM NaHzPOa, 1 mM EDTA, pH 7.4) was used
to complete washing of each well. Several equiv-
alent filters were prepared in the dot blot man-
ifold, until the total sample volume had been
used.
Squash blnts and dot blats: Previously pub-
lished methods were used for hybridization of
mosquito species-specific DNA probes to squash
blots (Cockburn 1990) and dot blots (Costanzi
and Gillespie 1987).
DNA isolation and labeling Plasmids were
prepared by a modification of the alkaline-lysis
method of Birnboim and Doly (1979) and cesium
chloride purification, or by the boiling method
(Holmes and Quigley 1981). Insect genomic
DNA was prepared by the method of Cockburn
and Seawright (1988). DNA was radiolabeled by
a nick translation kit (BRL@) with 3' P-dCTP,
and unincorporated label was removed by size
exclusion chromatography using Bio-Gel P-60(BioRad, Richmond, CA).
Unless otherwise noted, filters were subjected
to the following treatments after application of
the target DNA. Prior to prehybridization, ni-
trocellulose filters were baked for 20-45 min at
80'C under vacuum (vacuum-baked), and nylon
filters were subjected to treatment with 300 nm
ultraviolet (UV) light. Filters were prehybrid-
ized in l% nonfat dry milk (NFDM),0.2% SDS
at 55'C for at least 30 min, and hybridized with
(denatured) probe in 30% formamide,5x SSPE,
1% NFDM,0.2% SDS at 55"C overnight.
Preparatinn and, use of biotiWlated probes:
The preparation of biotinylated probes was
achieved by nick translation of double-stranded
template DNA for the incorporation of biotin-
ylated nucleotides. The BRL Nick Translation
System@ (BRL, Gaithersburg, MD) reagents
were used, according to the recommendations
for the Biotin-2l-dUTP Labeling System@
(Clontech Laboratories, Palo Alto, CA). Unin-
corporated nucleotides were removed by gel ex-
clusion chromatography. Detection of hybrid-
ized biotinylated probes was accomplished with
streptavidin-alkaline phosphatase conjugate
(SA-AP) according to the directions in the
GENE-TECT@ protocol (Clontech Laborato-
ries, Palo Alto, CA).
Preparation and use of ECL probes: The direc-
tions supplied by the manufacturer of the ECL
Kit@ (Amersham, Arlington Heights, IL) were
followed in the preparation and use of ECL
probes, including the prehybridization and hy-
bridization steps, except that SSPE was substi-
tuted for SSC in the wash solutions. The Iabeled
probe was stored in 507o glycercl at -20'C until
used. The supplied hybridization solution was
used for both prehybridization (at least 10 min
at 40-42"C) and hybridization (overnight at 40-
42"C) after adding NaCl to 0.5 M.
Preparation and use of digoxygenin labeLed
probes: The directions supplied by the manufac-
turer of the Genius Kit@ (Genius Nonradioactive
DNA Labeling and Detection Kit, Boehringer
Mannheim Biochemicals, Indianapolis, IN)
were followed in the preparation and use of
Genius probes, except that labeled probes were
precipitated with NaCl rather than LiCl, and
SSPE was substituted for SSC in the hybridi-
zation and detection steps. Prehybridization and
hybridization conditions were adjusted to 50%
formamide and 42'C. Genius probes were pre-
pared by the random primed incorporation of
digoxygenin-tagged nucleotides, and detected by
immunoassay. The probe DNA was stored at
-20'C until used in a hybridization reaction.
RESULTS
Experimental design: This work focused on
reducing the technical problems involved in
using nonradioactively Iabeled DNA probes with
crude mosquito homogenates. In this paper we
will use "background" to refer to signals in areas
where no sample was applied, "nonspecific de-
tection" to denote signals in areas where non-
homologous sample was applied, and "hybridi-
zation" to describe binding of probe to homolo-
gous DNA sequences. Nonspecific detection has
been a persistent problem with nonradioactive
detection (Hill et al. 1991, Cooper et al. 1991;
also see below). We used nonhomologous probes
that did not hybridize at all to the test mosqui-
toes to focus on nonspecific detection. Therefore
any signals were entirely spurious and not due
to low levels of authentic hybridization. To gen-
eralize our results, we tested one species each of
the 3 major genera of mosquitoes (Anophelcs
ahitnanus, Culex nigripalpus, and Aedes taeniar -
hynchus). To ensure that any procedures that
we developed did not simply eliminate all sig-
nals, we included An. quadrimaculatus sp. A
mosquitoes as a positive control using the probe
pKA2 (Cockburn 1990).
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specific DNA probes from mosquitoes. Cooper
et al. (1991) discuss the use of biotin/streptavi-
din/alkaline phosphatase and ECL with probes
for 3 members of theAn. farautispecies complex
from Australia. They demonstrate that both
methods work well when hybridized to purified
DNA on dot blots, but that both give high non-
specific detection when hybridized to squash
blots of individual mosquitoes. Hill et al. (1991)
conducted a more extensive analysis of 4 non-
radioactive labeling and detection systems (bio-
tin/streptavidin/alkaline phosphatase, digoxy-
genin/antibody, ECL, and an ECI-like kit using
alkaline phosphatase). They used a synthetic
oligonucleotide specific for several species of the
An. gambiae species complex. This could lead to
differences between their results and those of
Cooper et al. (1991) and this paper, since the
chemistry involved in coupling labels to oligo-
nucleotides is different from that used with
cloned probes. Hill et al. (1991) found that all 4
methods worked well with purified DNA, but
both biotin/streptavidin/alkaline phosphatase
and digoxygenin/antibody gave nonspecific de-
tection with squash blots. They found that the
other 2 kits gave correct signals, which probably
indicates that the signals with the An. gambiac
probe are stronger than those with An. quadri-
mrrculatus or the An. farauti probes relative to
the nonspecific signals. Hill et al. (1991) specu-
Iate that the lack of specificity with the strep-
tavidin/alkaline phosphatase system was due to
binding of the enzyme complex to residual bio-
tin, but we have demonstratedthat unprocessed
mosquito homogenates contain both alkaline
phosphatase and peroxidase activity which
cause the nonspecific detection (data not
shown). They also notedthat 2 ofthe kits could
not be used to reprobe filters. In summary, these
2 papers demonstrate the need for a method of
reducing nonspecific detection with nonradioac-
tive probes hybridized to crude insect homoge-
nates and of producing multiple frlters from a
group of mosquitoes.
Part of the Arp2 clone has been sequenced
which led to the identification of species-specific
sequences (Johnson 19904). Radiolabeled syn-
'Johnson, D. W. 1990. Quick blots and nonradioac-
tive detection systems: improvements on methods for
DNA hybridizations using mosquitoes. Ph.D. Disser-
tation, University of Florida.
thetic oligonucleotides based on this DNA se-
quence were effective at identifying individual
mosquitoes on quick blots (Johnson, Cockburn
and Seawright, unpublished data). Use of syn-
thetic oligonucleotides completely eliminates
the need for a molecular biology facility for
production of probes and will make DNA-based
identifrcation practical for most mosquito work-
ers (Hill et al. 1991).
REFERENCES CITED
Birnboim, H. C. and J. Doly. 1979. A rapid alkaline
extraction procedure for screening recombinant
bacterial DNA. Nucl. Acids Res. 7:1513-1523.
Cockburn, A. F. 1990. A simple and rapid technique
for identification of large nurnbers of individual
mosquitoes using DNA hybridization. Arch. Insect
Biochem. Physiol. 14: 191-199.
Cockburn, A. F. and J. A. Seawright. 1988. Techniques
for mitochondrial DNA analysis of anopheline mos-
quitoes. J. Am. Mosq. Control Assoc. 2:261-265.
Collins, F. H., P. C. Mehaffey, M. O. Rasmussen, A.
D. Brandling-Bennett, J. S. Odera and V. Finnerty.
1988. Comparison of DNA-probe and isoenzyme
methods for differentiating Anopheles gambiae and
Anopheles arabiensis (Diptera: Culicidae). J. Med.
Entomol. 25:1L6-120.
Cooper, L., R. D. Cooper and T. R. Burkot. 1991. The
Anophehs punctilatus complex: DNA probes for
identifying the Australian species using isotopic,
chromogenic, and chemiluminescence detection sys-
tems. Exp. Parasitol. 73:27-35.
Costanzi, C. and D. Gillespie. 1987. Fast Blots: im-
mobilization of DNA and RNA from cells, pp. 582-
587.ln: S. L. Berger and A. R. Kimmel (eds.), Guide
to molecular cloning techniques. Academic Press,
San Diego.
Hill, S. M., R. Urwin and J. M. Crampton. 1991. A
comparison of non-radioactive Iabeling and detec-
tion systems with synthetic oligonucleotide probes
for the species identification of mosquitoes in the
Anopheles garnbiae complex. Am. J. Trop. Med. Hyg.
44:609-622.
Holmes, D. S. and M. Quigley. 1981. A rapid boiling
method for the preparation of bacterial plasmids.
Anal. Biochem. 114:193-197.
Kirkpatrick, B. C., D. C. Stenger, T. J. Morris and A.
H. Purcell. 198?. Cloning and detection of DNA
from a nonculturable plant pathogenic mycoplasma-
like organism. Science 238:197-200.
Sim, B. K. L., P. Romans and S. Harun. 1989. Use of
chitinase to facilitate detection of protozoan, hel-
minth, and single copy genes in squashed whole
mosquitoes. Mol. Biochem. Parasitol. 34:L27 -L34.
